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1
FAN SHROUD

BACKGROUND

The present disclosure relates to ofl-highway machines
and specifically to a fan shroud for use with ofl-highway
machines.

SUMMARY

One embodiment includes a shroud for a cooling fan that
1s positionable within the chassis of an off-highway
machine. The shroud includes an 1nlet having a first external
side, a second side, a third side, and a fourth side, and an
outlet. An elliptical lip section 1s positioned at the outlet, and
includes a first planar face and a second planar face facing
away from the first planar face. The second planar face has
a centroid. The shroud further includes a plane that is
comncident with the second planar face. The plane includes
a first axis parallel to the second and fourth sides of the inlet,
and a second axis perpendicular to the first axis. Both the
first axis and the second axis pass through the centroid. The
first and second axes together divide the elliptical lip section
into four quadrants, and a plurality of apertures extend
through the elliptical lip section. At least one aperture of the
plurality of apertures 1s positioned 1n each quadrant of the
four quadrants of the elliptical lip section.

Another embodiment 1includes a shroud for a cooling fan
that 1s being positionable within the chassis of an ofl-
highway machine. The shroud includes an inlet, an outlet, an
clliptical lip section positioned adjacent to the outlet, and a
plurality of apertures extending through the elliptical lip
section. Each aperture of the plurality of apertures 1s posi-
tioned greater than 10 degrees away from an adjacent
aperture of the plurality of apertures.

Another embodiment includes a shroud for a cooling fan
that 1s positionable within the chassis of an off-highway
machine. The shroud includes an inlet, an outlet, and an
clliptical lip section positioned adjacent to and extending
radially outwardly from the outlet. The elliptical lip section
defines a plane and includes a first planar face and a second
planar face facing away from the first planar face. The
second planar face has a centroid. The shroud further
includes a plane that 1s coincident with the second planar
tace. The plane includes a first axis parallel to the second and
tourth sides of the inlet and a second axis perpendlcular to
the first axis. Both the first axis and the second axis pass
through the centroid. A plurality of apertures extend through
the elliptical lip section and are configured to at least
partially relieve a pressure gradient generated by a portion of
the elliptical lip section.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a perspective view of an ofﬁ-highway machine.

FIG. 2 1s a perspective view of an engine with a cooling
package, a fan, and a shroud within a chassis of the ofl-
highway machine of FIG. 1.

FI1G. 3 1s a cross-sectional view through the portion of the
chassis of FIG. 2 taken along 3-3.

FI1G. 4 1s a schematic of airflow 1n one orientation through
the cooling package, the fan, and the shroud of FIG. 2.

FIG. 5 1s a schematic of airflow i1n another orientation
through the cooling package, the fan, and the shroud of FIG.
2.

FIG. 6 15 a side view of the shroud illustrated 1n FIG. 2.

FIG. 7 1s a rear view of a face of the shroud of FIG. 6.
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FIG. 8 1s a computational fluid dynamics (CFD) simula-
tion of air flow through the shroud of FIG. 7.

FIG. 9 1s a side view of a shroud according to one

embodiment.
FIG. 10 1s a rear view of the shroud of FIG. 9.

FIG. 11 1s a CFD simulation of air flow through the shroud
of FIG. 9.

FIG. 12 1s a rear view of a shroud according to another
embodiment.

FIG. 13 1s a perspective view of a shroud according to

another embodiment.
FIG. 14 1s a side view of the shroud of FIG. 13.

FIG. 15 1s a rear view of the shroud of FIG. 13.

FIG. 16 1s a CFD simulation comparing airflow through
the shroud of FIG. 6 to airflow through the shroud of FIG.
14.

FIG. 17 1s
embodiment.

FIG. 18 1s a rear view of the shroud of FIG. 17.

FIG. 19 15 a side view of a shroud according to another
embodiment.

FIG. 20 1s another side view of the shroud of FIG. 19.
FIG. 21 1s a rear view of the shroud of FIG. 19.
FIG. 22 1s a perspective view of a shroud according to

another embodiment.
FIG. 23 1s a side view of the shroud of FIG. 22.

FIG. 24 1s a rear view of the shroud of FIG. 22.

a side view of a shroud according to another

DETAILED DESCRIPTION

Betfore implementations of the disclosure are explained 1n
detail, 1t 1s to be understood that the disclosure 1s not limited
in 1ts application to the details of construction and the
arrangement of components set forth i the following
description or illustrated 1n the accompanying drawings. The
disclosure 1s capable of supporting other implementations
and of being practiced or of being carried out 1 various
ways. Moreover, the term ‘substantially’ 1s understood by
those of ordinary skill to refer to reasonable ranges outside
of the given value, for example, general tolerances or
resolutions associated with manufacturing, assembly, and
use of the described embodiments and components herein.
Further, the term ‘approximately” as used herein means plus
or minus 5 degrees.

FIG. 1 illustrates an off-highway machine, such as an
excavator 10, having a chassis 14 and traction members
(e.g., crawler mechanisms or tracks 18) for supporting and
propelling the chassis 14 and therefore the machine 10 along
a surface. The traction members 18 are oriented parallel to
a longitudinal axis A of the chassis 14, which coincides with
a forward direction of travel of the machine 10 during
operation. In the 1llustrated embodiment, each crawler
mechanism 18 includes a drive sprocket 42, an undercar-
riage frame 46, and a track 50. The drive sprocket 42 1s
driven by a prime mover 54 and engages the track 50. The
track 50 1s driven in an endless loop around the drive
sprocket 42 and the undercarriage frame 46. The machine 10
further includes an operator cab 22 and a tool or work
attachment (e.g., a bucket 30) supported on an end of an arm
32.

Although the ofl-highway machine 10 1s illustrated and
described as an excavator, it 1s understood that the ofl-
highway machine 10 may have a different form, such as a
loader, a dozer, a motor grader, a scraper, or another type of
construction, mining, agricultural, or utility machine. Also,
although the work attachment 1s 1llustrated and described as
a bucket, 1t 1s understood that the work attachment may have
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a different form, such as an auger, a breaker, a ripper, a
grapple, or some other type of attachment for digging,
breaking, handling, carrying, dumping or otherwise engag-
ing dirt or other material. In addition, the work attachment
may be detachable from the arm 32 to permit another type
of work attachment to be coupled to the arm 32.

As shown 1n FIGS. 2-3, the chassis 14 houses an engine
62. The engine 62 includes the prime mover 54, a cooling
package 60, a fan 64, and a shroud 68, which are aligned
along an axis B transverse to the longitudinal axis A (FIG.
1). The cooling package 60 includes one or more heat
exchangers or coolers 76. Other underhood components
(1.e., filters, pumps, conduits, reservoirs, sensors, batteries,
valves, etc.) may also make up part of the overall engine 62.

The schematics 1n FIGS. 4-5 illustrate that the fan 64 can
operate 1n either a suction mode or a blower mode. In the
suction mode, shown 1n FIG. 4, airflow enters the cooling
package 60 through the chassis 14 and then flows to the fan
64 and over portions of the engine 62. In the blower mode,
shown 1n FIG. §, airflow enters the fan 64 after passing over
portions of the engine 62, passes over and through the
cooling package 60, and exits via the chassis 14.

In e1ther flow configuration, the performance of the fan 64
1s aflected by virtue of 1ts position between the cooling
package 60 and the engine 62. Specifically, the fan 64 1s
subjected to upstream and downstream loading. For example
and with renewed reference to FIG. 3 (for example), when
the fan 64 1s mounted adjacent the engine 62 the air flow
coming from the cooling package 60 and passing through
the fan 64 1s immediately subjected to blockage created by
the engine block and other underhood components.

FIGS. 6-7 illustrate a conventional shroud 68. The shroud
68 includes a body 90 having an inlet 94 and an outlet 98
opposite the inlet 94. The body 90 defines a breathing
section 100, a convergence section 110, a plateau section
120, a divergence section 130, and a lip section 140. With
respect to the orientation of FIG. 4, the breathing section 100
collects air exiting the cooling package 60 and provides a
steady region of weak pressure gradient to ease flow tran-
sition between the surfaces of the cooling package 60 and
the convergence section 110. The breathing section 110 1s
substantially rectangular and has a first side 104qa, a second
side 1045, a third side 104¢, and a fourth side 1044. The
length of the breathing section 100 (in the direction of axis
B) may range from approximately 25 mm to approximately
100 mm depending on the overall shroud length, which 1s
based on the engine type. The convergence section 110
guides accelerating air from the larger rectangular form of
the breathing section 100 into a smaller circular cross-
section within which the fan 64 is located. The convergence
section 110 reduces flow separation and vortices by govern-
ing the acceleration of air to be slow enough to avoid
turbulent transition of boundary layer air. The length of the
convergence section 110 may range from approximately 150
mm to approximately 400 mm. The plateau section 120
transitions the shroud 68 between the convergence section
110 and the divergence section 130, which contains and
decelerates the airtlow immediately after the fan 64 prior to
release over the engine block of the engine 62. The length of
the plateau section 120 may range from approximately 5 mm
to approximately 20 mm. The lip section 140 extends
radially at the outlet 98 and presents opposing first and
second faces 144, 148 with a common perimeter or outer
profile or boundary 152. The lip section 140 may be used to
mount a finger guard. In the embodiment 1llustrated 1n FIGS.
6-7, the lip section 140 1s circular, and has a radial distance
of between 35 mm inches and 80 mm. The lip section 140
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may have other suitable shapes and radial distances. For
example, the lip section 140 may be elliptical with non-zero
eccentricity or have any other suitable arcuate or curvilinear
shape.

Further with respect to FIG. 6, the outlet 98, which can
also be represented by the lip section 140, 1s oflset with
respect to the inlet (1.e., the breathing section 100). That 1s,
the shroud 68 defines a centroid or geometric center C of the
lip section 140 that 1s offset from a centroid or geometric
center C' of the breathing section 100. Moreover, a plane 160
1s defined coincident with the second face 148, within which
are further defined a first axis D and a second axis E
perpendicular to first axis D. The first axis D 1s perpendicular
to the first and third sides 104a, 104¢ of the breathing section
100 and parallel to the second and fourth sides 1045, 1044
ol the breathing section 100. The second axis E 1s parallel to
the first and third sides 104a, 104¢ of the breathing section
100 and perpendicular to the second and fourth sides 1045,
1044 of the breathing section 100.

The lip section 140 of FIGS. 6 and 7, by extending
radially from the divergence section 130, creates a high-
pressure region that reduces overall airflow through the
shroud, especially when coupled with airtlow restrictions
due to the proximity of the engine 62 (e.g., 1n the orientation
of FI1G. 4). Effectively, and referring to FIG. 8, the lip section
140 of FIGS. 6-7 facilitates pressure concentration regions
186 and low pressure regions 188, as shown 1n a computa-
tional fluid dynamics (CFD) simulation of the shroud 68
during operation. Of note, the lip section 140 of FIGS. 6-7
1s a non-fastening surface and 1s solid or continuous (i.e.,
without apertures or recesses formed wholly or partially in
or through either the first or second faces 144, 148) about the
centroid C.

FIGS. 9-10 illustrate a shroud 268 according to one
embodiment. The shroud 268 of FIGS. 9-10 15 similar to the
shroud 68 of FIGS. 6-7 discussed above, and therefore like
structure will be indicated with the same reference numerals
plus 200. In particular, the shroud 268 of FIGS. 9-10
includes a breathing section 300, a convergence section 310,
a plateau section 320, a divergence section 330, and a lip
section 340, as discussed above.

Further with respect to FIG. 10, a plane 360 1s defined
coincident with the second face 348 and defines a first axis
D and a second axis E, which are perpendicular to each
other. The first axis D 1s perpendicular to the first and third
sides 304a, 304¢ of the breathing section 300, and parallel
to the second and fourth sides 30456, 3044 of the breathing
section 300. The second axis E is parallel to the first and
third sides 304a, 304¢ of the breathing section 100 and
perpendicular to the second and fourth sides 30456, 3044 of
the breathing section 100. The lip section 340 further
includes one or more apertures (1.e., opemngs) 404 extend-
ing therethrough. That 1s, the apertures 404 extend between
the faces 344, 348 of the lip section 340. In the embodiment
illustrated 1n FIGS. 9-10, the apertures 404 are symmetrlc
with respect to the axis D. Moreover, the axes D, E define
four quadrants W, X, Y, Z of the lip section 340, with one
aperture 404 1n each of the four quadrants W, X, Y, Z. In the
embodiment 1illustrated in FIG. 10, the lip section 340 is
circular and therefore each quadrant W, X, Y, Z comprises a
90 degree arc length of the lip section 340. In other or
additional embodiments, the lip section may have other
shapes and therefore each quadrant W, X, Y, Z may comprise
other arc lengths. For example, the lip section 340 may be
clliptical with non-zero eccentricity or have any other suit-
able arcuate or curvilinear shape. Moreover, because cen-
troid C of the lip section 340 i1s offset with respect to the
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centroid C' of the breathing section 300 (1n the view of FIG.
10), quadrant Z (1.¢., the quadrant defined in the top left
portion of the lip section 340 1n the view of FIG. 10) 1s
closest to the intersection of the first side 304a and the fourth
side 3044 of the inlet or breathing section 330.

The apertures 404 may also be described as oriented
according to degrees of a circle relative to the axis D about
the lip section 340 (or the second face 348). In particular, a
first aperture 404a 1s oriented between approximately 70
degrees and approximately 90 degrees relative to the axis D
(viewed closest to side 304a and clockwise therefrom 1n
FIG. 10), and more specifically, the first aperture 404q 1s
oriented at approximately 75 degrees relative to the axis D.
A second aperture 4045 1s oriented between approximately
130 degrees and approximately 175 degrees relative to the
axis D, and more specifically, the second aperture 4045 1s
oriented at approximately 140 degrees relative to the axis D.
A third aperture 404c¢ 1s oriented between approximately 185
degrees and approximately 235 degrees relative to the axis
D, and more specifically, the third aperture 404c¢ 1s oriented
at approximately 220 degrees relative to the axis D. A fourth
aperture 4044 1s oriented between approximately 270
degrees and approximately 315 degrees relative to the axis
D, and more specifically, the fourth aperture 4044 1s oriented
at approximately 285 degrees relative to the axis D.

The apertures 404 may also be described relative to one
another. In the embodiment illustrated in FIGS. 9-10, the
apertures 404 are oriented at least 30 degrees away from one
another. The first aperture 404q 1s oriented between approxi-
mately 30 degrees and approximately 90 degrees relative to
the second aperture 4045, and more specifically, the first
aperture 404q 1s oriented at approximately 70 degrees rela-
tive to the second aperture 4045. Accordingly, the arc length
distance between the first and second apertures 404a, 4045
measures substantially 495 mm, although 1n additional or
alternative embodiments, the arc length may measure
between substantially 210 mm and substantially 640 mm.
The second aperture 4045 1s oriented between approxi-
mately 30 degrees and approximately 90 degrees relative to
the third aperture 404¢, and more specifically, the second
aperture 4045 1s oriented at approximately 70 degrees rela-
tive to the third aperture 404¢. Accordingly, the arc length
distance between the second and third apertures 4045, 404¢
measures substantially 495 mm, although in additional or
alternative embodiments, the arc length may measure
between substantially 210 mm and substantially 640 mm.
The third aperture 404¢ 1s oriented between approximately
30 degrees and approximately 90 degrees relative to the
tourth aperture 4044, and more specifically, the third aper-
ture 404 ¢ 1s oriented at approximately 70 degrees relative to
the fourth aperture 404d. Accordingly, the arc length dis-
tance between the third and fourth apertures 404c, 4044
measures substantially 495 mm, although 1n additional or
alternative embodiments, the arc length may measure
between substantially 210 mm and substantially 640 mm.
The fourth aperture 4044 1s oriented at between approxi-
mately 140 degrees and approximately 180 degrees relative
to the first aperture 404a, and mores specifically, the fourth
aperture 4044 1s oriented at approximately 150 degrees
relative to the first aperture 404a. Accordingly, the arc length
distance between the first and fourth apertures 404a, 4044
measures substantially 1060 mm, although 1n additional or
alternative embodiments, the arc length may measure
between substantially 990 mm and substantially 1280 mm.

The embodiment of FIG. 10 includes apertures 404 that
are substantially circular, although as discussed in greater
detail herein, the apertures 404 may be any suitable shape.
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Additionally, the embodiment of FIG. 10 includes apertures
404 that are substantially the same size, although in other
embodiments the aperture may have any suitable size. In the
illustrated embodiment, the apertures measure substantially
25.0 mm, although 1n other or additional embodiments, the
apertures may measure between substantially 20.0 mm and
substantially 30.0 mm.

In one embodiment, the apertures 404 of the shroud 268
of FIGS. 9-10 were placed in approximate alignment with
the pressure concentration regions 186 previously described
with respect to FIG. 8. The CFD results 1llustrated 1n FIG.
11 show the pressure distribution during operation at the
same downstream planar position of shroud 268 as was
illustrated 1n FIG. 8 with respect to shroud 68 (i.e., near
planes 160 and 360). As a result of the presence of the
apertures 404, the size and overall intensity of the pressure
concentration regions 386 are significantly less intense. In
addition, the low-pressure regions 388 1n front of the fan 64
are also reduced in 1ntensity. Overall, the pressure distribu-
tion in front of the fan 64 1s much more homogeneous as
indicated by the reduced regions 386, 388. Additionally, the
reduced pressure regions 386 represent that airflow 1s guided
more efliciently through the shroud 268 and cooling package
60, which results 1n more eflective cooling of the engine 62.

FIG. 12 shows a shroud 468 according to another embodi-
ment. The shroud 468 of FI1G. 17 1s similar to the shroud 268
of FIGS. 14-15 discussed herein, and therefore like structure
will be indicated with the same reference numerals plus 200.
The shroud 468 includes a lip section 540 having a plurality
of apertures 604' that are symmetric relative to the axis D
and a plurality of apertures 604" that are not symmetric with
respect to the axis D. Moreover, the axes D, E define four
quadrants W, X, Y, Z of the lip section 540, with a plurality
of apertures 604 1n each of the four quadrants W, X, Y, Z.

The apertures 604 may also be described as oriented
according to degrees of a circle relative to the axis D. In
particular, a first aperture 604a 1s oriented between approxi-
mately 10 degrees and approximately 20 degrees relative to
the axis D (viewed closest to side 504a and clockwise
therefrom), and more specifically, the first aperture 604a 1s
oriented at approximately 15 degrees relative to the axis D.
A second aperture 6045 1s oriented between approximately
40 degrees and approximately 50 degrees relative to the axis
D, and more specifically, the second aperture 6045 1s ori-
ented at approximately 45 degrees relative to the axis D. A
third aperture 604¢ 1s oriented between approximately 60
degrees and approximately 70 degrees relative to the axis D,
and more specifically, the third aperture 604c¢ 1s oriented at
approximately 75 degrees relative to the axis D. A fourth
aperture 6044 1s oriented between approximately 100
degrees and approximately 110 degrees relative to the axis
D, and more specifically, the fourth aperture 6044 1s oriented
between approximately 105 degrees relative to the axis D. A
fifth aperture 604e 1s oriented between approximately 130
degrees and approximately 140 degrees relative to the axis
D, and more specifically, the fifth aperture 604¢ 1s oriented
at approximately 135 degrees relative to the axis D. A sixth
aperture 604/ 1s onented between approximately 160
degrees and approximately 170 degrees relative to the axis
D, and more specifically, the sixth aperture 604/ 1s oriented
at approximately 165 degree relative to the axis D. A seventh
aperture 604g 1s oriented between approximately 170
degrees and approximately 180 degrees relative to the axis
D, and more specifically, the seventh aperture 604g 1is
oriented at approximately 175 degrees relative to the axis D.
An eighth aperture 604/ 1s oriented between approximately
180 degrees and approximately 190 degrees relative to the
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axis D, and more specifically, the eighth aperture 604/ is
oriented at approximately 185 degrees relative to the axas D.
A ninth aperture 604 1s oriented between approximately 190
degrees and approximately 200 degrees relative to the axis
D, and more specifically, the ninth aperture 604: 1s oriented
at approximately 195 degrees relative to the axis D. A tenth
aperture 604 1s oriented between approximately 200
degrees and approximately 210 degrees relative to the axis
D, and more specifically, the tenth aperture 604; 1s oriented
at approximately 205 degrees relative to the axis D. An
cleventh aperture 604% 1s oriented between approximately
210 degrees and approximately 220 degrees relative to the
axis D, and more specifically, the eleventh aperture 604% 1s
oriented at approximately 215 degrees relative to the axis D.
A twellth aperture 604/ 1s oriented between approximately
220 degrees and approximately 230 degrees relative to the
axis D, and more specifically, the twelfth aperture 604/ 1s
oriented at approximately 225 degrees relative to the axis D.
A thirteenth aperture 604m 1s oriented between approxi-
mately 250 degrees and approximately 260 degrees relative
to the axis D, and more specifically, the thirteenth aperture
604 1s oriented at approximately 255 degrees relative to
the axis D. A fourteenth aperture 6047 1s oriented between
approximately 280 degrees and approximately 290 degrees
relative to the axis D, and more specifically, the fourteenth
aperture 604» 1s oriented at approximately 285 degree
relative to the axis D. A fifteenth aperture 6040 1s oriented
between approximately 310 degrees and approximately 320
degrees relative to the axis D, and more specifically, the
fifteenth aperture 6040 i1s oriented at approximately 315
degrees relative to the axis D. A sixteenth aperture 404p 1s
oriented between approximately 340 degrees and approxi-
mately 3350 degrees relative to the axis D, and more spe-
cifically, the sixteenth aperture 604p 1s oriented at approxi-
mately 345 degrees relative to the axis D.

The apertures 604 may also be described relative to one
another. In the embodiment illustrated in FIG. 12, each of
the apertures 604' 1s oriented at least 30 degrees away from
an adjacent aperture 604' and each of the apertures 604" are
oriented at least 10 degrees away from an adjacent aperture
604". Accordingly, the arc length distance between the
adjacent apertures 604" measures substantially 185 mm,
although 1n additional or alternative embodiments, the arc
length may measure between substantially 125 mm and
substantially 250 mm. Moreover, the arc length distance
between the adjacent apertures 604" measures substantially
60 mm, although 1n additional or alternative embodiments,
the arc length may measure between substantially 30 mm
and substantially 95 mm. Further with respect to FIG. 12, the
first aperture 604a 1s oriented between approximately 20
degrees and approximately 40 degrees relative to the second
aperture 6045, and more specifically, the first aperture 604a
1s oriented at approximately 30 degrees relative to the
second aperture 604b6. The second aperture 6045 1s oriented
between approximately 20 degrees and approximately 40
degrees relative to the third aperture 604¢, and more spe-
cifically, the second aperture 6045 1s oriented at approxi-
mately 30 degrees relative to the third aperture 604c¢. The
third aperture 404¢ 1s oriented between approximately 20
degrees and approximately 40 degrees relative to the fourth
aperture 6044, and more specifically, the third aperture 404¢
1s oriented at approximately 30 degrees relative to the fourth
aperture 604d. The fourth aperture 6044 1s oriented between
approximately 20 degrees and approximately 40 degrees
relative to the fifth aperture 604e, and more specifically, the
fourth aperture 6044 1s oriented at approximately 30 degrees
relative to the fifth aperture 604e. The fifth aperture 604e 1s
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oriented between approximately 20 degrees and approxi-
mately 40 degrees relative to the sixth aperture 604/, and
more specifically, the fifth aperture 604e 1s oriented at
approximately 30 degrees relative to the sixth aperture 604f.
The sixth aperture 604 1s oriented between approximately 5
degrees and approximately 15 degrees relative to the seventh
aperture 604¢g, and more specifically, the sixth aperture 604/
1s oriented at approximately 10 degrees relative to the
seventh aperture 604¢g. The seventh aperture 604¢ 1s oriented
between approximately 5 degrees and approximately 15
degrees relative to the eighth aperture 604/, and more
specifically, the seventh aperture 604¢ 1s oriented at approxi-
mately 10 degrees relative to the eighth aperture 604/%. The
cighth aperture 604/ 1s oriented between approximately 5
degrees and approximately 15 degrees relative to the ninth
aperture 604i, and more specifically, the eighth aperture
604/ 1s oriented at approximately 10 degrees relative to the
ninth aperture 604i. The minth aperture 604; 1s oriented
between approximately 5 degrees and approximately 15
degrees relative to the tenth aperture 604/, and more spe-
cifically, the ninth aperture 604 1s oriented at approximately
10 degrees relative to the tenth aperture 604;. The tenth
aperture 604; 1s oriented between approximately 5 degrees
and approximately 15 degrees relative to the eleventh aper-
ture 604%, and more specifically, the tenth aperture 604; 1s
oriented at approximately 10 degrees relative to the eleventh
aperture 604%. The eleventh aperture 6044 1s oriented
between approximately 5 degrees and approximately 15
degrees relative to the twellth aperture 604/, and more
specifically, the eleventh aperture 6044 i1s oriented at
approximately 10 degrees relative to the twelfth aperture
604/. The twellth aperture 604/ 1s oriented between approxi-
mately 20 degrees and approximately 40 degrees relative to
the thirteenth aperture 604m, and more specifically, the
twellth aperture 604/ 1s oriented at approximately 30 degrees
relative to the thirteenth aperture 604. The thirteenth
aperture 604m 1s oriented between approximately 20 degrees
and approximately 40 degrees relative to the fourteenth
aperture 6047, the thirteenth aperture 604m 1s oriented at
approximately 30 degrees relative to the fourteenth aperture
604». The fourteenth aperture 6047 i1s oriented between
approximately 20 degrees and approximately 40 degrees
relative to the fifteenth aperture 6040, and more specifically,
the fourteenth aperture 604 1s oriented at approximately 30
degrees relative to the fifteenth aperture 6040. The fifteenth
aperture 6040 1s oriented between approximately 20 degrees
and approximately 40 degrees relative to the sixteenth
aperture 604p, and more specifically, the fifteenth aperture
6040 1s oriented at approximately 30 degrees relative to the
sixteenth aperture 604p. The sixteenth aperture 604p 1s
oriented between approximately 20 degrees and approxi-
mately 40 degrees relative to the first aperture 604a, and
more specifically, the sixteenth aperture 604p 1s oriented at
approximately 30 degrees relative to the first aperture 604a.

The embodiment of FIG. 12 includes apertures 604 that
are substantially circular, although as discussed in greater
detail herein, the apertures 604 may be any suitable shape.
Additionally, the embodiment of FIG. 12 includes apertures
604 that are substantially the same size, although in other
embodiments the aperture may have any suitable size. In the
illustrated embodiment, the apertures measure substantially
25.0 mm, although 1n other or additional embodiments, the
apertures may measure between substantially 20.0 mm and

substantially 30.0 mm.
FIGS. 13-15, illustrate a shroud 668 according to another
embodiment. The shroud 668 of FIGS. 13-15 1s similar to

the shroud 268 of FIGS. 9-10 discussed above, and therefore
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like structure will be indicated with the same reference
numerals plus 400, to include the existence of axis D and
axis E. In the embodiment illustrated in FIGS. 13-15, the
apertures 804 are arranged 1n clusters 816. In particular, the
lip section 740 has a first cluster 8164 of five apertures 804
in quadrant W, a second cluster 8165 including six apertures
804 1 quadrant X, a third cluster 816¢ including two
apertures 804 in quadrant X, a fifth cluster 8164 including
three apertures 804 in quadrant Y, and a fifth cluster 816¢
including five apertures 804 1n quadrant 7. The first and fifth
clusters 816a, 816¢ are symmetric with respect to the axis D,
and the second, third, and fourth clusters 81654, 816¢, 8164
are asymmetric with respect to the axis D.

The apertures 804 may also be described as oriented
according to degrees of a circle relative to the axis D. In
particular, the first cluster 816a 1s centered between approxi-
mately 70 degrees and approximately 90 degrees relative to
the axis D (viewed closest to side 704a and clockwise
therefrom), and more specifically, the first cluster 816a 1s
centered at approximately 75 degrees relative to the axis D.
The second cluster 8165 1s centered between approximately
130 and approximately 175 degrees relative to the axis D,
and more specifically, the second cluster 8165 1s centered at
approximately 140 degrees relative to the axis D. The third
cluster 816c¢ 1s centered between approximately 160 degrees
and approximately 190 degrees relative to the axis D, and
more specifically, the third cluster 816¢ 1s centered at
approximately 165 degrees relative to the D axis. The fourth
cluster 8164 1s centered between approximately 185 degrees
and approximately 235 degrees relative to the axis D, and
more specifically, the fourth cluster 8164 1s centered at
approximately 225 degrees relative to the axis D. The fifth
cluster 816¢ 1s centered between approximately 270 degrees
and approximately 315 degrees relative to the axis D, and
more specifically, and the fifth cluster 816¢ 1s centered at
approximately 285 degrees relative to the axis D.

The apertures 804 may also be described relative to one
another. In the embodiment 1llustrated in FIGS. 13-15, the
centers of the clusters 816 are oriented at least 10 degrees
away Irom one another. That 1s, a center of the first cluster
816a 1s oriented between approximately 40 degrees and
approximately 70 degrees relative to a center of the second
cluster 8165, and more specifically, the center of the first
cluster 816a 1s oriented at approximately 65 degrees relative
to the center of the second cluster 8165. Accordingly, the arc
length distance between the centers of the first and second
clusters 816a, 8165 measures substantially 460 mm,
although 1n additional or alternative embodiments, the arc
length may measure between substantially 280 mm and
substantially 500 mm. The center of the second cluster 8165
oriented between approximately 5 degrees and approxi-
mately 35 degrees relative to a center of the third cluster
816¢, and more specifically, the center of the second cluster
8160 1s oriented at approximately 15 degrees relative to the
center of the third cluster 816¢. Accordingly, the arc length
distance between the centers of the second and third clusters
8160, 816¢c measures substantially 105 mm, although 1in
additional or alternative embodiments, the arc length may
measure between substantially 35 mm and substantially 250
mm. The center of the third cluster 816¢ 1s oriented between
approximately 50 degrees and approximately 80 degrees
relative to a center of the fourth cluster 8164, and more
specifically, the center of the third cluster 816¢ 1s oriented at
approximately 60 degrees relative to the center of the fourth
cluster 816d. Accordingly, the arc length distance between
the centers of the third and fourth clusters 816c¢, 816d
measures substantially 425 mm, although 1n additional or
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alternative embodiments, the arc length may measure
between substantially 350 mm and substantially 570 mm.
The center of the fourth cluster 8164 1s oriented between
approximately 40 degrees and approximately 70 degrees
relative to a center of the fifth cluster 816e, and more
specifically, the center of the fourth cluster 8164 1s oriented
at approximately 60 degrees relative to the center of the fifth
cluster 816¢. Accordingly, the arc length distance between
the centers of the fourth and fifth clusters 8164, 816¢

measures substantially 460 mm although 1n additional or
alternative embodiments, the arc length may measure
between substantially 280 mm and substantially 500 mm.
The center of the fifth cluster 816¢ 1s oriented between
approximately 140 degrees and approximately 180 degrees
relative to the center of the first cluster 816a, and more
specifically, the center of the fifth cluster 816¢ 1s oriented at
approximately 150 degrees relative to the center of the first
cluster 816a. Accordingly, the arc length distance between
the centers first and fifth clusters 8164, 816¢ measures
substantially 1065 mm, although 1n additional or alternative
embodiments, the arc length may measure between substan-
tially 990 mm and substantially 1280 mm.

Moreover, the embodiment of FIGS. 13-15 includes clus-
ters 816 that are arranged 1n a “+”” shaped configuration (1.¢.,
the first and fifth clusters 816a, 816¢), a line configuration
(1.e., the fourth and fifth clusters 8164, 816¢), and a double-
line configuration (i.e., the third cluster 816¢). The apertures
804 may have other shapes, sizes, and cluster configurations.
In the illustrated embodiment, the apertures of clusters
816a-816¢ measure substantially 9.0 mm. Moreover, the
width and height (measured between the centers of the
apertures) of clusters 816a, 816¢ measure substantially 11.0
mm. Alternatively, the apertures of the clusters 81656-8164
may be hexagonal. In particular, the hexagonal apertures
may be 120-degree equal sided hexagons having sides with
lengths measuring substantially 4.5 mm. Hexagonal aper-
tures are spaced apart from one another by substantially 4.5
mm gaps. The apertures of clusters 816a-816¢ are spaced
apart from an inside edge of the lip section 740 by substan-
tially 6.0 mm.

Like the apertures 404 of the shroud 268, the apertures
804 of the shroud 668 reduce the pressure concentration
regions created by the lip section 740 and increase airtlow.
As shown 1n Table 1, below, the shroud 668 1illustrated 1n
FIGS. 13-135 having the configuration of apertures 804 and
clusters 816 discussed above provides an 1increase in airtlow
in comparison to the shroud 68 of FIGS. 6-7, which has no
apertures.

TABLE 1

Shroud Design Airflow through shroud [m/min]

Shroud 6% of FIGS. 6-7
Shroud 668 of FIGS. 13-15

290.134
298.913

The airflow of Table 1 was generated by a simulation that
defined a fan speed of 1893 RPM, the maximum rated speed
during normal operation.

As shown 1n FIG. 16, the pressure and velocity fields near
the shroud outlet 98, 698 were also analyzed for both the
shroud 68 of the prior art shown 1n FIGS. 6-7 and the shroud
668 shown in FIGS. 13-15. In comparing the CFD results 1n
FIG. 16, the high-speed vortices 182, 782 1n the upper region
and the low-speed vortices 182, 782 in the lower region of
the shroud 68, 668 are suppressed in the shroud 668 of FIGS.
13-15 as compared to the shroud 68 of FIGS. 6-7.
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FIGS. 17-18 show a shroud 868 according to another
embodiment. The shroud 868 of FIGS. 17-18 1s similar to

the shroud 268 of FIGS. 9-10 discussed above, and therefore

like structure will be indicated with the same reference
numerals plus 600. The lip section 940 has a first cluster
10164 of five apertures 1004, a second cluster 10165 1nclud-
ing a plurality of apertures 1004, and a third cluster 1016¢
including five apertures 1004. The first cluster 1016a 1s
positioned m quadrant W and the third cluster 1016¢ 1s
positioned 1n quadrant Z. The second cluster 10165 1s
positioned 1n and extends between quadrants X and 7. As

shown 1n FIG. 18, the first and third clusters 1016a, 1016¢

are symmetric with respect to the axis D.

The apertures 1004 may also be described as oriented
according to degrees of a circle relative to the axis D. In
particular, the first cluster 1016a 1s centered between
approximately 70 degrees and approximately 90 degrees
relative to the axis D (viewed closest to side 904a and
clockwise therefrom), and more specifically, the first cluster
10164 1s centered at approximately 75 degrees relative to the
axis D. The second cluster 10165 i1s centered between
approximately 170 degrees and approximately 190 degrees
relative to the D axis, and more specifically, the second
cluster 10165 extends between approximately 130 and
approximately 235 degrees relative to the axis D. The third
cluster 1016¢ 1s centered between approximately 270
degrees and approximately 315 degrees relative to the axis
D, and more specifically, the third cluster 1016c¢ 1s centered
at approximately 285 degrees relative to the axis D.

The apertures 1004 may also be described relative to one
another. In the embodiment 1llustrated in FIGS. 17-18, the
clusters 1016 are oriented at least 30 degrees away from one
another. That 1s, a center of the first cluster 1016« 1s oriented
between approximately 90 degrees and approximately 110
degrees relative to a center of the second cluster 10165, and
more specifically, the center of the first cluster 10164 1s
oriented at approximately 105 degrees relative to the center
of the second cluster 10165. Moreover, a center of the first
cluster 10164 1s oriented at approximately 52 degrees rela-
tive to an edge of the second cluster 10165. Accordingly, the
arc length distance between the center of the first cluster
1016a and an edge of the second cluster 10165 measures
substantially 370 mm, although in additional or alternative
embodiments, the arc length may measure between substan-
tially 295 mm and substantially 440 mm. The center of the
second cluster 10165 oriented between approximately 90
degrees and approximately 110 degrees relative to a center
of the third cluster 1016¢, and more specifically, the center
of the second cluster 10165 1s oriented at approximately 105
degrees relative to the center of the third cluster 1016c¢.
Moreover, an edge of the second cluster 10165 1s oriented at
approximately 52 degrees relative to the center of the third
cluster 1016¢. Accordingly, the arc length distance between
the edge of the second cluster 101656 and the center of the
third cluster 1016¢ measures substantially 370 mm, although
in additional or alternative embodiments, the arc length may
measure between substantially 295 mm and substantially
440 mm. The center of the third cluster 1016¢ 1s oriented
between approximately 140 degrees and approximately 180
degrees relative to the center of the first cluster 10164, and
more specifically, the center of the third cluster 1016¢ 1s
oriented at approximately 1350 degrees relative to the center
of the first cluster 1016a. Accordingly, the arc length dis-
tance between the centers first and third clusters 10164,
1016¢ measures substantially 1065 mm, although in addi-
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tional or alternative embodiments, the arc length may mea-
sure between substantially 990 mm and substantially 1280
mm.

The embodiment of FIGS. 17-18 includes apertures 1004
that are substantially circular. Moreover, the embodiment of
FIGS. 17-18 includes clusters 1016 that are arranged 1n a
“+” shaped configuration (1.e., first and third clusters 10164,
1016¢) and that are arranged 1n a staggered configuration
(1.e., second cluster 10165). The apertures 1004 may have
other shapes, sizes, and cluster configurations. In the 1llus-
trated embodiment, the apertures of clusters 1016a, 1016c¢
measure substantially 9.0 mm. Moreover, the width and
height (measured between the centers of the apertures) of
clusters 1016a, 1016¢ measure substantially 11.0 mm. The
apertures of cluster 10160 measure substantially 9.0 mm.
Further, a distance between apertures in the same row
(measured center-to-center) 1s substantially 20.0 mm. More-
over, the apertures are positioned relative to one another at
60-degree angles.

FIGS. 19-21 show a shroud 1068 according to another
embodiment. The shroud 1068 of FIGS. 19-21 1s similar to
the shroud 268 of FIGS. 9-10 discussed above, and therefore
like structure will be indicated with the same reference
numerals plus 800. In the embodiment illustrated 1n FIGS.
24-26, the lip section 1140 has a first cluster 1216 including
a plurality of apertures 1204 and a second cluster 10165 of
five apertures 1204. The first cluster 1216a 1s positioned 1n
and extends between quadrants X and Y and the second
cluster 12165 1s positioned 1n quadrant 7. In the embodiment
of FIGS. 19-21, the divergence section 1130 has apertures
1204 that are arranged 1n a third cluster 1232, as well.

Further, the apertures 1204 may also be described as
oriented according to degrees of a circle relative to the axis
D. In particular, the first cluster 1216a 1s centered between
approximately 170 degrees and approximately 190 degrees
relative to the D axis (viewed closest to side 1104aq and
clockwise therefrom), and more specifically, the first cluster
1216a extends between approximately 110 and approxi-
mately 245 degrees relative to the axis D. The second cluster
12165 1s centered between approximately 270 degrees and
approximately 315 degrees relative to the axis D, and more
specifically, the second cluster 12165 1s centered at approxi-
mately 285 degrees relative to the axis D. The divergence
section 1130 1s substantially concentric with the lip section
1140. Accordingly, the third cluster 1232 1s centered
between approximately 170 degrees and approximately 190
degrees relative to the D axis, and more specifically, the third
cluster 1232 extends between approximately 165 degrees
and approximately 195 degrees relative to the axis D. The
apertures of the third cluster 1232 are hexagons. The hexa-
gons are spaced (center-to-center) substantially 2 mm apart.
Also, the hexagonal apertures are positioned 1n groups of the
three and patterned at a two degree offset around a centerline
1233 of the shroud. Moreover, the hexagonal apertures have
two sides that measure substantially 3.5 mm and the height
between these two sides measures substantially 5.0 mm.
That 1s, the apertures extend substantially 95 mm in one
direction from the centerline 1233 and substantially 100 mm
in the opposite direction from the centerline 1233. Accord-
ingly, the apertures of the third cluster 1232 extend substan-
tially 195 mm along the arc length of the divergence section
1130. The hexagonal apertures of the third cluster 1232 are
additionally positioned substantially 7.0 mm from an edge
of divergence section 1130.

The apertures 1204 may also be described relative to one
another. That 1s, a center of the first cluster 12164 1s oriented
between approximately 90 degrees and approximately 110
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degrees relative to a center of the second cluster 12165, and
more specifically, the center of the first cluster 12164 1s
oriented at approximately 105 degrees relative to the center
of the second cluster 12165. Moreover, an edge of the first
cluster 12164 1s oriented at approximately 40 degrees rela-
tive to the center of the second cluster 12165. Accordingly,
the arc length distance between the edge of the first cluster
12164 and the center of the second cluster 12165 measures
substantially 280 mm, although in additional or alternative
embodiments, the arc length may measure between substan-
tially 210 mm and substantially 425 mm. The center of the
second cluster 12165 1s oriented between approximately 240
degrees and approximately 270 degrees relative to the center
of the first cluster 1216a, and more specifically, the center of
the second cluster 12165 1s oriented at approximately 255
degrees relative to the center of the first cluster 12164.
Moreover, a center of the second cluster 12165 1s oriented at
approximately 185 degrees relative to an edge of the first
cluster 1216a. Accordingly, the arc length distance between
the center of the second cluster 12165 and an edge of the first
cluster 1216a measures substantially 1310 mm, although 1n
additional or alternative embodiments, the arc length may
measure between substantially 1240 mm and substantially
1385 mm.

The embodiment of FIGS. 19-21 includes apertures 1204
that are substantially circular. Moreover, the embodiment of
FIGS. 19-21 includes clusters 1216 that are arranged 1n a
“+” shaped configuration (i.e., second cluster 12165) and
that are arranged 1n a staggered configuration (1.¢., first and
third clusters 1216a, 1232). The apertures 1204 may have
other shapes, sizes, and cluster configurations. In the 1llus-
trated embodiment, the apertures of cluster 12165 measures
substantially 9.0 mm. Moreover, the width and height (mea-
sured between the centers of the apertures) of cluster 12165
measures substantially 11.0 mm. The apertures of cluster
1216a measure substantially 9.0 mm and the distance
between adjacent apertures (measured center-to-center) 1s
substantially 11.0 mm. The apertures are centered on the lip
section 1140 and are positioned at least 10.0 mm away from
both 1nside and outside edges of the lip section 1140.

FIGS. 22-24 show a shroud 1268 according to another
embodiment. The shroud 1268 of FIGS. 22-24 1s similar to
the shroud 268 of FIGS. 9-10 discussed above, and therefore
like structure will be indicated with the same reference
numerals plus 1000. Further, the shroud 1268 has the same
aperture 1404 and cluster 1016 configuration as the shroud
668 of FIGS. 13-15 except that the fourth cluster 14164 has
cight apertures 1404 rather than three apertures, and there-
fore has a double-line configuration rather than a line
configuration. That 1s, the arc length distance between the
centers first and fifth clusters 1416a, 1416e¢ measures sub-
stantially 1065 mm, although in additional or alternative
embodiments, the arc length may measure between substan-
tially 990 mm and substantially 1280 mm. Moreover, an
edge of the second cluster 14165 1s spaced substantially 225
mm from the first axis D, an edge of the third cluster 1416¢
1s spaced substantially 105 mm from the first axis D, and an
edge of the fourth cluster 14164 1s spaced substantially 280
mm from the first axis D. The second and third clusters
1416b, 1416¢ are positioned on one side of the first axis D
and the fourth cluster 14164 i1s positioned on an opposite
side the first axis D. Additionally, 1n the embodiment of
FIGS. 22-24, the lip section 1340 has an angled portion that
1s oriented at an angle 1436 with respect to the plane 1360
that 1s coincident with the face 1348 of the lip section 1340.
The angled portion facilitates the flow of air towards a
bottom of the engine. In the 1llustrated embodiment, second,
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third, and fourth clusters 14165, 1416c, 14164 are posi-
tioned on the angled portion of the lip section 1340. In the
illustrated embodiment, the angle 1436 1s approximately 30
degrees, although in other or additional embodiments the
angle 1436 may range from between approximately 15
degrees to approximately 30 degrees.
Moreover, the embodiment of FIGS. 22-24 includes clus-
ters 1416 that are arranged 1n a “+” shaped configuration
(1.e., the first and fifth clusters 1416a, 1416¢), a line con-
figuration (1.e., the third cluster 1416¢), and a double-line
configuration (1.e., the second and fifth cluster 14165,
1416d). The apertures 1404 may have other shapes, sizes,
and cluster configurations.
The shrouds 268, 468, 668, 868, 1068, 1268 of FIGS.
9-10, 12-15, and 17-24 are discussed in reference to the
suction mode of operation shown 1n FIG. 4. Moreover, the
shrouds 268, 468, 668, 868, 1068, 1268 of FIGS. 9-10,
12-15, and 17-24 create more favorable pressure gradients to
further increase airtlow across heat exchangers of the cool-
ing package 60, resulting in greater heat transfer from
cooling circuit fluids and hot under-hood components to the
air. Accordingly, the preferred aperture and cluster locations
discussed above are dependent on the downstream obstruc-
tion location and the escape path of the airflow from the
shroud exit. In other words, the main purpose of the addi-
tional apertures and clusters discussed herein 1s to facilitate
the movement of flow through and from the respective
shroud. As discussed above, the apertures may be circular or
hexagonal, although in other embodiments the apertures
may be rectangular or triangular.
Various features of the disclosure are set forth in the
following claims.
What 1s claimed 1s:
1. A shroud for a cooling fan, the fan positionable within
the chassis of an off-highway machine, the shroud compris-
ng:
an 1nlet having a first side, a second side, a third side, and
a fourth side;

an outlet; and

an elliptical lip section positioned at the outlet, the ellip-
tical lip section including a first planar face and a
second planar face facing away from the first planar
face, the second planar face having a centroid,

wherein a plane coincident with the second planar face
includes a first axis parallel to the second and fourth
sides of the inlet and a second axis perpendicular to the
first axis, both the first axis and the second axis passing
through the centroid, wherein the first and second axes
together divide the elliptical lip section 1nto four quad-
rants,

wherein a plurality of apertures extend through the ellip-

tical lip section, at least one aperture of the plurality of
apertures positioned in each quadrant of the four quad-
rants of the elliptical lip section, and

wherein the plurality of apertures 1s arranged 1n aperture

clusters.

2. The shroud of claim 1, wherein the apertures are
circular.

3. The shroud of claim 1, wherein at least some aperture
clusters have a “+” shaped configuration, a staggered con-
figuration, a line configuration, or a double-line configura-
tion.

4. The shroud of claim 1, wherein at least one aperture
cluster 1s positioned 1n each of the four quadrants of the
clliptical lip section.

5. The shroud of claim 1, wherein the aperture clusters
include
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a first aperture cluster oriented approximately between 70
degrees and approximately 90 degrees relative to the
first axis,

a second aperture cluster oriented between approximately
130 and approximately 175 degrees relative to the first
axis,

a third aperture cluster oriented between approximately
160 degrees and approximately 190 degrees relative to
the first axis,

a fourth aperture cluster oriented between approximately
185 degrees and approximately 235 degrees relative to
the first axis, and

a fifth aperture cluster oriented between approximately
2’70 degrees and approximately 315 degrees relative to

the first axis.

6. The shroud of claim 5, wherein the first aperture cluster
and the fifth aperture cluster are positioned on the elliptical
lip section symmetrically with respect to the first axis.

7. The shroud of claim 5, wherein the second aperture
cluster, the third aperture cluster, and the fourth aperture
cluster are positioned on the elliptical lip section asymmetri-
cally with respect to the first axis.

8. The shroud of claim 1, wherein the aperture clusters
comprise a first aperture cluster, a second aperture cluster, a
third aperture cluster, a fourth aperture cluster, and a fifth
aperture cluster, the first aperture cluster being oriented
between approximately 40 degrees and approximately 70
degrees relative to the second aperture cluster, the second
aperture cluster being oriented between approximately 5
degrees and approximately 35 degrees relative to the aper-
ture third cluster, the third aperture cluster being oriented
between approximately 50 degrees and approximately 80
degrees relative to the fourth aperture cluster 816d, the
fourth aperture cluster being oriented between approxi-
mately 40 degrees and approximately 70 degrees relative to
the fifth aperture cluster, and the fifth aperture cluster being,
oriented at between about 140 degrees and approximately
180 degrees relative to the first aperture cluster.

9. A shroud for a cooling fan, the fan being positionable
within the chassis of an off-highway machine, the shroud
comprising:

an 1nlet;

an outlet; and
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an elliptical lip section positioned at the outlet, the ellip-
tical lip section including a first planar face and a
second planar face facing away from the first planar
face, the second planar face having a centroid,

wherein a plane coincident with the second planar face
includes a first axis parallel to the second and fourth
sides of the inlet and a second axis perpendicular to the
first axis, both the first axis and the second axis passing,

through the centroid,

wherein a plurality of apertures extending through the
clliptical lip section are configured to at least partially
relieve a pressure gradient generated by a portion of the
elliptical lip section, and

wherein each aperture in the plurality of apertures 1is

arranged 1n aperture clusters, at least two aperture
clusters being spaced at least 30 degrees away from
cach other.
10. The shroud of claim 9, wherein the first axis and the
second axis together define four quadrants of the elliptical
lip section, at least one cluster of the plurality of clusters
being positioned i each quadrant of the four quadrants.
11. A shroud for a cooling fan, the fan positionable within
the chassis of an off-highway machine, the shroud compris-
ng:
an inlet having a first side, a second side, a third side, and
a fourth side;

an outlet; and

an elliptical lip section positioned at the outlet, the ellip-
tical lip section including a first planar face and a
second planar face facing away from the first planar
face, the second planar face having a centroid,

wherein a plane coincident with the second planar face
includes a first axis parallel to the second and fourth
sides of the inlet and a second axis perpendicular to the
first axis, both the first axis and the second axis passing
through the centroid, wherein the first and second axes
together divide the elliptical lip section 1nto four quad-
rants,

wherein a plurality of apertures extend through the ellip-

tical lip section, at least one aperture of the plurality of
apertures positioned in each quadrant of the four quad-
rants of the elliptical lip section, and

wherein the apertures are circular.
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